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Abstract 
To avoid the computational complexity and the mismatching between the results and qualitative analysis by using 
regression analysis, the method of grey relational analysis is selected after methods comparing to analyze the relation 
between piezometer water level and its influencing factors and estimate the height of the saturation line for a sluice in 
the Lower Yellow River. The concepts of degrees of grey incidence are discussed in detail to show how to determine 
which factors are the most important for the dependent variable and their orders. An example given in the paper 
indicate that the grey relational analysis is effective to extract the important factors for piezometer water level, and 
the results show that the grey incidence orders which show that the water level of downstream of that very day is 
critical for the piezometer water level of the sluice. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [CEIS 2011] 
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1. Introduction 
Regression analysis is the commonly used method in safety monitoring data analysis of hydraulic 
structures, in which standard regression coefficient and partial regression square sum usually are applied 
to estimate the importance of predictive factors after model being established. Stepwise model-building 
techniques for regression designs with a single dependent variable are described in numerous sources. The 
basic procedures involve (1) identifying an initial model, (2) iteratively stepping, that is, repeatedly 
altering the model at the previous step by adding or removing a predictor variable in accordance with the 
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stepping criteria, and (3) terminating the search when stepping is no longer possible given the stepping 
criteria, or when a specified maximum number of steps has been reached. Whether for regression or 
stepwise regression, large amount of monitoring data will increase computational complexity, and the 
results of regression analysis probably do not match with the qualitative analysis if the monitoring data 
has bigger grey degree. However, the grey system theory can effectively solve the question. 
The essential thought of grey relational analysis (GRA) is to find a grey incidence order, which can be 
used to describe the relation between the related factors based on data series. The GRA uses information 
from the grey system to dynamically compare each factor quantitatively. This approach is based on the 
level of similarity and variability among all factors to establish their relation. The relational analysis 
suggests how to make prediction and decision, and generate reports that make suggestions. So the GRA 
can be used to select the independent variables closely related to dependent variables after selecting 
independent variables based on qualitative analysis and experiences. When the predictive factors are 
defined, it is easy to create the regression model. 
2. Generalized degree of grey incidence 
2.1. Absolute degree of grey incidence 
For the two sequences   and  with the same length, which starting-point annihilating images are 
0 0 0 0
0 0 0 0( (1), (2), ( ))X x x x n= L
and
0 0 0 0( (1), (2), ( ))i i i iX x x x n= L
the absolute degree of grey incidence is defined as the following formula 
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2.2. Relative degree of grey incidence 
If the initial values of  and  are not zero, and their initial images are  and , the relative 
degree of grey incidence  can be obtained by computing the absolute degree of grey incidence of  
and .
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The relative degree of grey incidence shows the change rate of sequence  and  relative to 
starting-point. The closer the change rate of   and  is, the bigger the relative degree of grey 
incidence. 
2.3. Synthetic degree of grey incidence 
The synthetic degree of grey incidence is based on the absolute and relative degrees of grey incidence 
0 0 (1 )i i r0iρ θε θ= + −
with [0,1]θ ∈ .
The synthetic degree of grey incidence not only shows the similar degree of and , but also 
reflects the close degree of   and  relative to the starting-point. The size of synthetic degree of 
incidence obtained, 01 02 0, , , nρ ρ ρ⋅⋅⋅  determine the degree in which each symptom influence the . As 
the synthetic degree of grey incidence is higher, its corresponding symptom is more important. 
3. Grey incidence order 
For the selected grey incidence operator, the absolute degree of grey incidence and the relative degree 
of grey incidence are both unique, and the synthetic degree of grey incidence is also unique if the value of 
θ  is constant. The results of grey relational analysis emphasize particularly on the order of the incidence 
degrees but not their values. 
4. Application
12 VW sensors had been set up to monitor piezometer water level of a sluice in the Lower Yellow 
River, see Fig 1. The data of measuring point P1 is selected to analyze the relation between piezometer 
water level and its influencing factors and estimate the height of the saturation line. 
Fig 1. The plan sketch of sensors on a sluice in the Lower Yellow River 
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The influencing factors include the water level of upstream, the water level of downstream, rainfall, 
and aging according to qualitative analysis and experiences. In fact, the current velocity or runoff is also 
the influencing factor for the sluice in the Lower Yellow River. But the factors are not selected because 
the monitoring system have no the items of the current velocity or runoff. 
Considering the piezometer water level as the dependent variable, and selecting the water level of 
upstream in that very day , the mean water level of upstream in the past 2 days , the mean water 
level of upstream in the past 3 days , the mean water level of upstream in the past 4 days , the 
water level of downstream in that very day  and aging  as the independent variables, the 
correlations can be obtained by grey relational analysis. The grey incidence degree and order computing 
according to the data from May, 30 2005 to June, 25 2006 are shown in the table 1. 
Table 1. The results of grey incidence degrees and order 
The absolute degree of grey incidence 
1
uhH
ε
2
uhH
ε 3
uhH
ε 4
uhH
ε
dhH
ε
hτε
0.5164 0.5170 0.5177 0.5184 0.6894 0.5611 
The relative degree of grey incidence 
1
uhH
r
2
uhH
r 3
uhH
r 4
uhH
r
dhH
r
hr τ
0.8647 0.8684 0.8724 0.8765 0.9896 0.9751 
The synthetic degree of grey incidence 
( =0.5) 
1
uhH
ρ
2
uhH
ρ 3
uhH
ρ 4
uhH
ρ
dhH
ρ
hτρ
0.6905 0.6927 0.6950 0.6975 0.8395 0.7681 
The order of synthetic degree of grey incidence is 
dhH
ρ > hτρ > 4hHuρ > 3uhHρ > 2uhHρ > 1uhHρ , so the 
grey incidence order of influencing factors is dH >τ > 4uH > 3uH > 2uH > 1uH .
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5. Conclusions 
According to results of grey incidence degree and order, the water level of downstream in that very 
day dH  is the most important factor in the 6 factors. So dH  is critical for the piezometer water level. 
We can adjust the downstream water level to control piezometer water level and the height of saturation 
line to ensure the sluice safety. The rest order is aging τ , the mean water level of upstream in the past 4 
days , the mean water level of upstream in the past 3 days , the mean water level of 
upstream in the past 2 days , and the water level of upstream in that very day . The aging 
factor τ is another major index for piezometer water level, because τ  reflects the course of soil 
consolidation and silting which control the speed of seepage from upstream to downstream of sluice. The 
water level of upstream is relatively secondary for the piezometer water level based the grey incidence 
order, which reason is that it has hysteresis effect. 
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